Fifteen orbits latter, in Orbit 1 of Day 2 when the source-S/C-earth angle is nearly the same, LAD 0 would be replaced by LAD 1. By the appropriate summing of these accumulations, we can obtain period-folded data sets which contain albedo contributions from different scattering angles for different LAD's so that systematic differences in LAD's can be evaluated. These data sets would then be corrected for I) the longer travel time of the reflected emission (up to -800km/3x1010 cm/sec = 3 msec) and 2) the incident photon energy phase dependence since the reflected flux at energy E, is always produced by a higher incident energy. The signature of a pulsar phase dependent polarization would be a significantly different Phase-Amplitude intensity distribution among those data sets which include preferential or non-preferential albedo scattering geometries.
The original proposal requested funding at the $48.9K level, but the proposal was only accepted at a $25K level. This cost descoping required that we should focus on a more easily achieved task. This task was to initially demonstrate that we could model existing transient events (solar flares and cosmic bursts) as a demonstration of BATSE's polarization measuring capabilities.
Results
To estimate the polarization sensitivity we considered only the four LAD's which face away from the flare or burst and hence were most sensitive to the albedo flux. We intended to searched for a distribution of the rates in these four detectors which were inconsistent with that expected from a unpolarized flux. In practice this involved a CHI-Sq test between the observed rates and those from our Monte Carlo Simulations. We discovered more than 50 flare and burst events in the BATSE 2B with a fluence level and geometry that allowed this testing.
We discovered that none of the events could be accurately modeled and concluded that our analysis was dominated by systematic effects.
Based on our study these effects include; 1)
leakage of the incident flux through the spacecraft to the back of the LAD's, 2) differences in channel bandwidths among the LAD detectors, and 3) deadtime or overload effects during the most intense portion of the burst or flare.
We have written up and published these results in two papers and include copies in this report. (4) . While the range of measured flux ratios is consistent with the statistical studies (5), the deviations of the ratio from unity show no clear correlation with increasing difference in viewing angles. It has therefore been argued that directivity conclusions based on stereoscopic observations for single flares are not yet possible because of the large error bars (6) . Quantifying the magnitude of the directivity from these statistical measurements is difficult. For example, one needs to know the size-frequency distribution for flares as well as the form of the electron distribution to derive the predicted limb fraction (7) . Furthermore, the results only represent an t_verage for the flaresample. Different flaringregions arenot likelyto have identical geometry. Norareindividual flareslikelyto havetimeindependent electron distributions. Therefore, to dodetailed studies of theparticledistributions, oneneeds a technique that canmeasure timedependent anisotropies onaflarebyflarebasis. Polarization measurements area diagnostic thatmeet these requirements. Therehavebeena number of measurements offlareX-raypolarization at lowenergies (-_10keV).Thefirst flaremeasurements indicated polarization levelsin the rangeof 20-40% (8, 9) . Althoughthesereportsweremetwith considerable skepticism (10),subsequent observations (11)confirmed theexistence andmagnitudes ofthepolarizations (-_10%). Laterstudies measured polarizations of onlya fewpercent at -_ 15 keV for two flares in July 1974 (12) . The small but finite polarization is consistent with the predictions for purely thermal emission that contains an admixture of polarized backscattered radiation (13) .
The thermal component, with its rather low polarization, tends to dominate the emission from all flares at energies below about 25 keV. In fact, the idea that the emission in this energy band is primarily thermal finds support from more recent polarization measurements (14) . These data indicate that the polarization in the 5-25 keV band tends to be less than _, 4%, consistent with isotropic unpolarized emission that is slightly polarized by backscattering. It h,_ been pointed out that, because of this thermal "contamination", effective polarization measurements can only be performed at higher energies (15 In particular, this approach relies on the fact that, in the case of linearly polarized radiation, the scattered photon tends to be ejected at right angles to the electric field vector of the incident radiation (18) . The atmosphere, as seen from an orbiting satellite, presents a wide range of possible scatter angles for a given source direction.
The photon scatter angle will depend on look direction. Hence, the intensity distribution of the albedo flux will exhibit an angular distribution which will depend onthe polarization properties ofthesource radiation. For the caseof an orbitingdetector observing somecosmic source, the distribution ofthescattered albedo flux across thetopoftheatmosphere will depend onthreeparameters: 1) the angular height ofthe source above the Earth'slimb (i.e.,the source-earth-detector geometry); 2) the level of linear polarization of thesource flux;and3) theorientation ofthebulkpolarization vectorofthesource flux. Therefore, if oneknows thedirection ofthe source, thenthe polarization properties canbe determined fromthe study of the albedo flux.
To illustratethe dependence on the polarization parameters, consider a source of radiationwhichis observed at the localzenith.In this case, any asymmetries in the observed albedo flux will beduesolelyto the polarization properties of the incident source flux. These asymmetries will manifest themselves in termsof anazimuthal dependence oftheobserved albedo flux. Foranunpolarized source, thealbedo fluxwill beuniformly distributed in azimuth.Fora linearlypolarized source, however, theobserved albedo flux will exhibitanasymmetry aboutthe azimuthal direction.This asymmetry will taketheformofa sin20 dependence on the azimuthal angle. of asymmetry will arise from the fact that, for events with a zenith angle in the range of 70°-110°, not all of the visible atmosphere is exposed to direct source flux.
A precise measurement of polarization will require that all of these effects be properly acounted for.
We have modeled this scattering process using Monte Carlo simulations, incorporating a version of GEANT which has been modified to handle polarized photons.
A library of simulation results has been assembled for photon beams directed at various angles of incidence on a flat slab of (oxygen-nitrogen) atmosphere.
These simulations include both polarized and unpolarized photon beams as well as both mono-energetic and power-law source spectra. in the corresponding unpolarized distribution.
These effects are such that the sensitivity is near maximum for source zenith angles 30°.
2) Aliasing.
Due to the large FoV and the geometrical spacing of the LAD detectors, there exist certain geometrical arrangements with respect to the polarization vector where the polarization sensitivity will be limited (and perhaps even go to zero). In more general terms, the polarization sensitivity will vary within the polarization parameter space.
3) Incident source spectrum. Because the scattered albedo photons tend to result from incident photons > 100 keV, a harder incident spectrum will result in more intense albedo flux and, hence, higher sensitivity. This means, for example, that there will be less sensitivity to a (typically softer) solar flare than to a (typically harder) "/-ray burst of comparable fluence.
4) Source inensity.
For We describe a technique for measuring the polarization of hard Xrays from *t-ray bursts based on the angular distribution of that portion of the flux which is scattered off the top of the Earth's atmosphere. The scattering cross section depends not only on the scatter angle itself, but on the orientation of the scatter angle with respect to the incident polarization vector.
Consequently, the distribution of the observed albedo flux will depend on the direction and the polarization properties (i.e., the level of polarization and polarization angle) of the source. Although the BATSE design (with its large field-of-view for each detector) is not optimized for albedo polaximetry, we have nonetheless investigated the feasibility of this technique using BATSE data.
INTRODUCTION
O__e of the fundamental properties of electromagnetic radiation is its polarization. Although this property has been exploited extensively for astrophysical studies at longer wavelengths (e.g., radio, optical and, to some extent,
x-ray wavelengths), there have been only limited efforts to measure polarization from cosmic sources at hard X-ray energies (E > 30 keV). Here we investigate how one might use the radiation which is backscattered from the Earth's atmosphere to study source polarization, a technique which we call albedo polarimetry. Based on our Monte Carlo simulations, we have estimated the BATSE sensitivity to hard X-ray polarization in v-ray bursts and find significant sensitivity to polarization for events whose (50-300 keV) fluence is greater than -,-10 -5 ergs cm -2.
All studies of v-ray bursts to date have involved measurements of the source location, source spectrum and source intensity. Since these data have not yet yielded any fundamental answers as to the nature of the bursts, we contend that an additional piece of information is desirable.
The only additional piece of information which is available to the observer is that of the polarization of the burst radiation. Although the published literature on the subject of polarization in bursts is limited (driven, in part, by a lack of observations), there appears to be a general consensus that such measurements would be useful (1, 2) . In principle, polarization measurements can provide information on both the emission mechanism and on the geometry of the emitting region. In particular, this approach relies on the fact that, in the case of linearly polarized radiation, the scattered photon tends to be ejected at right angles to the electric field vector of the incident radiation (3) . The atmosphere, as seen from an orbiting satellite, presents a wide range of possible scatter angles for a given source direction.
The photon scatter angle will depend on look direction. Hence, the b_tcusity distribution of the albedo flux will exhibit an angular distribution which will depend on the polarization properties of the source radiation.
For the case of an orbiting detector observing some cosmic source, the distribution of the scattered albedo flux across the top of the atmosphere will depend on three parameters: 1) the angular height of the source above the The asymmetry of the distribution is especially apparent near the Earth's limb.
BATSE SENSITIVITY TO BURST POLARIZATION
The exact sensitivity of the BATSE to the measurement of burst polarization depends on several factors. These include the following: 
5) Flux leakage.
We have assumed an LAD angular response which goes to zero at 90°. In other words, we assumed that the leakage of flux through the spacecraft can be neglected.
(This is known not to be the case for some of the larger events and may even be the limiting factor in the application of this technique to BATSE data.) 6) Background level. The total background level for a given event depends not only on the background rate, but also on the duration of the event.
In estimating BATSE sensitivity levels, we consider only the four detectors which face away from the burst and which are exposed only to the albedo flux. We then search for a distribution of events in those detectors which are statistically inconsistent with that expected from an unpolarized event.
In practice, this involves a X 2 comparison between the event distribution derived from albedo simulations for a polarized and an unpolarized v-ray burst at a given zenith angle.
The estimated polarization sensitivity levels for a burst at a zenith angle of 30°are shown in Figure 2 . These data indicate that significant sensitivity to polarization can be achieved for bursts with (30-500 keV) fluence levels above "_ 10 -s ergs cm -2. In the BATSE 2B catalog, there were more than 50 events above this fluence level, suggesting that there may be a significant number of events which are susceptible to polarization measurements using X-ray albedo polarimetry. These data indicate, for example, that a polarization level of ,,-70% can be detected at the 3_ level in a burst with a fluence level of 10 -5. At a fluence level of 4 x 10-5, the 3_r polarization sensitivity level is ,,, 15%.
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to remove these systematics effects. We are also in the process of setting up our simulation database in a form that can be directly used by software tools developed by the BATSE team. This should greatly facilitate the search for burst polarization in the BATSE database.
